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ABSTRACT 

A new catalog of visual double systems containing eclipsing binaries as one component is presented. 
The main purpose of this catalog is to compile a complete list of all known multiples of this variety, 
both for current analysis and to highlight those in need of additional observations. All available 
photometric and astrometric data were analyzed, resulting in new orbits for eight systems and new 
times of minimum light for a number of the eclipsing binaries. Some of the systems in the catalog 
have acceptable solutions for their visual orbits, although in most cases their orbital periods are too 
long for simultaneous analysis. Also included, however, are a number of systems which currently lack 
an orbital solution but which may be suitable for simultaneous analysis in the future. 
Subject headings: Catalogs — stars: binaries: close — stars: binaries: eclipsing — stars: binaries: 
visual — stars: fundamental parameters 



1. INTRODUCTION 

Binary stars are essential objects for determining 
precise physical properties of stars, especially masses, 
through a combined analysis of photometric, astromet- 
ric, and spectroscopic data. If the stars comprise an 
eclipsing binary (hereafter EB), radii, distance and, in 
favorable cases, effective temperatures may also be de- 
termined from a combined analysis of light and radial 
velocity (hereafter RV) curves. Moreover, masses and 
distances for visual binaries may be determined from 
a combined analysis of astrometric and radial velocity 
measurements. Additional components may often be re- 
vealed through these analyses; one especially productive 
source is the study of the long-time behavior of the period 
of an EB. As might be expected, the longer the time span 
of conjunction time measurements, or times of minimum 
light, the greater the chance of detecting a long period 
orbit due to an additional member of the system under 
study. 

There are currently more than 2000 systems with 
known visual orbits (see the USNO Sixth Orbit Cata- 
log 1 ). Among these systems, at least 34 have been found 
to include an EB as one of their components. About 100 
another EBs were found to be members of visual pairs or 

1 http : //ad . usno . navy . mil/wds/orb6 . html 



multiples, the orbit of which has not been computed yet. 
Collecting and investigating this fraction of the visual 
doubles is the purpose of this catalog. 

The systems presented here were found through 
searche s in the "Washin gton Double Star Catalog" 2 
(WDS. lMason et al.ll200il) . identifying systems with EBs 
amongst their components. This cata l og diff ers slightly 
from the one published bv iChambliss (1992), where all 
of the multiple-star syste ms containi ng EBs known by 
the author were collected. [Chambliss mentioned that 80 
EBs were known to be components of multiple-star sys- 
tems and presented 37 of them in detail. The present 
catalog is restricted to reasonably well-observed visual 
binaries which contain EBs as a component (the quali- 
fier "reasonably well-observed" being described below). 
The number of known EBs amongst visual pairs is grow- 
ing rapidly; we felt this justified collecting them into a 
separate catalog. 

The O — C diagrams constructed against the EBs linear 
ephemeris frequently display variations in their orbital 
periods (see, for e xample, a catalog o f O — C diagrams 
of such systems bv lKreiner et al.ll2001h . For a discussion 
of the detai l s an d limitations of O — C diagram analysis, 
see lSterker] (|2005| ). A periodic oscillation in an O — C di- 
agram may be explained as a light-time effect (hereafter 

2 http://ad.usno.navy.mil/wds/ 
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LITE) caused by a distant companion orbi ting a r ound a 
common center of mass with the EB; see 
or lMaverl (1990) for details. In favorable cases, this com- 
ponent may be identified as a distant member of the sys- 
tem, directly detectable astrometrically as a visual or 
interferometric companion. Despite the large number of 
eclipsing bin aries in our G alax y (estimated at about 10 8 , 
according to iKopall 119781 and ICooper fe Hughes! I1994D . 
there are still only a few dozen systems known where 
the EBs are members of spatially resolvable pairs. A 
few of the m ost well-kn own systems are V505 Sg r (see 
lMaverlll997l). V819 Her (iMuterspaugh et al.|[2^0|K _aiid 
VW C ep (|Zasche fe Wolfll2007L hereafter ZW. and|Zaschi 
|2008|) . Decades' worth of data are available for all these 
systems, making possible an analysis of period variations 
and also a solution of the visual orbits (fortunately the 
visual orbital periods in these examples are rather short). 
Despite this fact, until now the results from different 
techniques have been in contradiction with each other. 
A typical exam ple of such a d i screpa ncy is the system 
V505 Sgr, where ICtiochol et"aT1 (2006) presented the pe- 
riod of the thi rd body about 44 . 6 or 3 8.6 yr from period 
analysis, while iCvetkovic et al.l (|2008ft derived the third- 
body period about 60.1 yr from the visual orbit. To the 
best of our knowledge, the system VW Cep is presently 
the most suitable for a combined analysis of variation of 
minima timings; the combination of available photomet- 
ric and interferometric data can even be used to deter- 
mine the distance to the system. The distance derived by 
this method is more precise than any previously derived 
value; see ZW for details. Such a combined approach 
is potentially very powerful, especially anticipating the 
high-quality data expected to come from planned astro- 
metric and photometric space missions. The most seri- 
ous weakness in this combined method seems to be due 
to the period of the distant component, which in most 
cases is extremely long (typically decades to centuries or 
longer). As a result, the data frequently cover only a 
small arc of the orbit, and this very incomplete coverage 
obviously degrades the precision of the results. For a de- 
tailed description of the method, in cluding^ algor ithms, 
limitations, and results, see ZW and IZaschel [20081 . 

2. THE CATALOG 

The selection criteria used during the compilation of 
this catalog were as follows: 

• the existence of more than 10 astrometric measure- 
ments, 

• a variation of position angles of the astrometric ob- 
servations of more than 10 degrees, and 

• the presence of an eclipsing binary as one of its 
components. 

A total of 44 systems which met these criteria were 
found; these are presented in Table [1] and commented 
upon in more detail in the following subsections. In a 
few cases, it was rather difficult to identify which com- 
ponent in the wide system comprised the eclipsing binary. 
Other interesting systems, which contain an EB as one 
component but which do not satisfy the other selection 
criteria, were also included in subscction l2.45l In subsec- 
tion [2]46] we discuss those systems which were difficult to 



classify. These include, for example, systems where the 
eclipsing nature is questionable, etc. In many systems 
the onl y information about their distance is that by Hip- 
parcos dPerrvman fc ESAl[l99l . see column 9 in Table 
[TJ However, the value of Hipparcos distance could be 
affected by relatively large error due to the fact the star 
is not a single target, but a binary. 

The entire catalog is also available online 3 . This web 
site will be updated as new observations become available 
and as new systems meeting our selection criteria are 
discovered. 

Notes on individual systems follow. 

2.1. V640 Cas 

V640 Cas (HD 123, HR 5, HIP 518, STF 3062AB) is 
listed as an eclipsing bi nary. Only two photom etric de- 
creases were observed (jBrettman et al.l Il983|) . and no 
photometric analysis has been published. This system 
was observed over 16 nights from July 2007 to November 
2008 in B, V, and R filters, but no minima were observed. 
From our new photometric observations we can conclude 
that there is no variability above a lev el of 0.02 mag with 
periods in interval 1.02 to 1.1 days. I Griffin! (|1999l ) dis- 
cussed th e plausibility of t he ph otometric variations ob- 
served bv lBrettman et all ([1983), and also noted that no 
such variability is observable from the Hipparcos satellite 
(see iPerrvman fc ESAl I1997T ). concluding that the sys- 
tem is not variable at all. Therefore, the classification 
of V640 Cas as eclipsing system is questionable. How- 
ever, the system could be more complicated and due to 
the presence of the third body the eclipses could turn on 
and off, simil arly to V907 Sc o (lLacv etaT1ll9£9[) , S S Lac 
(|Torresll2001h . or V699 Cyg (|Lippkv fc M arx 1994). The 
visual orbit is well observ ed, with some 572 data points 
obtained over 170 years. [Sodcrhiclm (1999) computed 
the most recently published orbital parameters, finding 
a period of about 107 yr and an angular semimajor axis 
of about 1.4". 

2.2. V348 And 

V348 And (HD 1082, HIP 1233, A 1256AB) is an Algol- 
type EB. Its situation is similar to that of V640 Cas, 
as neither times of minima nor a photometric analysis 
have been found in the literature. The single available 
time of minimum was based on Hipparcos measurements, 
but is only poorly covered. Our new observations of the 
system, obtained during 19 nights, were summarized in 
I Zasche fc Svobodal (|2008[ ). The visual orbit is defined by 
data obtained over 93 years and covering the range from 
4 to 223 degrees in position angle. Two rather differ- 
ent orbital solutions have been published: lOlevid (|2002f ) 
derived values P3_= 138 yr and a — 150 mas, while 
iSevmour et al.l (|2002| ) found a period of about 330 yr 
and a semimajor axis 290 mas. Both solutions appear 
to fit the limited arc of observations equally well. The 
mass sums derived from these two different fits are not 
able to decide which solution is the more plausible, be- 
cause the light-curve analysis has not yet been performed 
and the individual spectral types are not known. If we 
assume the spectral types of each of the components to 
be the same as the spectrum of the system as a whole 
(B9IV), the resulting mass sum should be much higher 

3 http:/ /sirrah. troja.mff.cuni.cz/~zasche/Catalog. html 
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TABLE 1 

Columns 3-5 give the individual spectral types of primary, secondary and tertiary components, V denotes the magnitude in V filter, P stands for the orbital period of the eclipsing pair, 

P3 GIVES THE PERIOD OF THE THIRD BODY, 7T QUOTES THE HlPPARCOS PARALLAX, COLUMN 10 GIVES THE TOTAL NUMBER OF KNOWN COMPONENTS IN THE SYSTEM, COLUMNS 11 AND 12 STAND FOR THE NUMBER OF 
TIMES OF PRIMARY AND SECONDARY MINIMA OBSERVED (INCLUDING OUR NEW ONES), M DENOTE THE NUMBER OF ASTROMETRIC OBSERVATIONS, COLUMNS 14 AND 15 GIVE THE DEPTHS OF PRIMARY AND SECONDARY 
MINIMA. IN COLUMN 16 "Y/N" INDICATES IF THERE IS (OR NOT) AN ORBITAL SOLUTION FOR THE SYSTEM. THE UPPER CASE Y' DENOTES THE ORBITAL SOLUTION PRESENTED HERE FOR THE FIRST TIME. COLUMN 17 
LISTS THE REFERENC ES F OR THE PARTICULAR S YSTEM , RES PECTIVELY. THE ORBITAL PERI ODS p 3 ARE ADO PTE D FROM THE PUBLISHE D PA PERS, OR AS DE TER MINED IN THE PRESENT A NALY SIS., REFERE NCES: (1) 

ISamus et AL.1 120041); (2) | Perryman fc ESA] 119971) : OI IBrettman et AL.IU983I) : (4) IGriffinI U999I): (51 ISoderhjelmI 119991); (6)IOlevi6: 120021) ; (7) ISeymour et al.I t2002ll: (8) IAbtH1981|); (9)|Abt1 
U985 | ): (101 ITikkanenI 1200211 : (11 ) IAndersenI 119831): (12) IClausen et al.I 119761): ( 13) | Zasche fe WolfI 12007 | ): (141 |Newburq] 11969]): (15)IMason &: HartkopfH 19991) : (16) IWatson et al.H2001|) : (17) 



(31) Ivan Leeuwen fc van GenderenI J1997D: (32) ILeung fc Schneider! I1978D; ( 33)| pocOBO fe LingI 120081) ; (34) IGinestet k. CarquillatI d200"2T ) ; (35 
(37) IAndersen et al.I 119841) ; ( 38) IDOCOBO fc LincJ 120071); (39) | Qtero et al.I l200ol); (40) IArgyle et t 



- ... (20, 

Lestrade et al.I 11993D; (251IGimenez fe Clausen! U994D; (261 IRuctnski et al.I 12007]): (271|Grenier et al.I |1999|): (28)IBalega et al.I 119991): (29) IHarvin et al.I 1200 

t Schneider! U978D; (33) LT 

. . . _ (39) | pTERO et al] i2000 

(44) | T0K0yrNiNlll998D ; (45) IChamberlin fe McNamaraI jl957t): (46 1 IRobertsTt 



. .. al.I 120021); (41_ 
II 120051); ( 47) IWalbornI 11973/ 



: (2 
) H, 
55) 



(30) IAnderse n et al .I 119901 ) ; 
Malkov et al.I 120061 ); (36)IWolf et al.I ho08! 



JTL_ 

IAristidi et al.I 119991); (52) IMassarotti et al.I 1200a): (531 IMalarodaI 119751): (541 IFinsenH1964I); (55) IEdwardsI 119761) : (5 61IWalker fc ChamblissI 1198 
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than predicte d by either orbi tal solution - 2.8 Mp for 
lOlevid (|200l and 3.4 M Q for iSevmour et~aTl (12001 . 

2.3. V355 And 

V355 And (HD 4134, HIP 3454, STF 52AB) is also an 
Algol- type EB, with a spectral classification of the whole 
system a s F6V. The only published complete light curve 
is that of iTikkanenl (|2002f ). who also determined 9 times 
of minima (unpublished, see the author's web site) 4 . Ob- 
servations of the visual pair have been obtained during 
the past 170 years, but cover a range in position angles 
of only about 20°. No visual orbit has yet been com- 
puted, but the orbital coverage to date suggests a period 
of order 3,000 years. 

2.4. C Phe 

C Phe (HD 6882, HR 338, HIP 5348) is an eccentric EB 
of Algol type, its spe ctral types were determined as B6V 
+ B8V (according to I Andersen| [l983) . It is a visual triple 
and double-lined spectroscopic binary. A detailed analy- 
sis using a combined solution of astrometry and times of 
minima was presented by ZW. This analysis yields a pe- 
riod for the visual orbit of about 221 yr. The mass of the 
predicted third body was derived to be M 3 = 1.73 M Q , 
which is in excellent agreement w ith e arlier photometri c 
analyses by IClausen et alj (|1976f ) and lAndersenl |l983). 
In addition to the long-term variation seen in the O — C 
diagram caused by the light-time effect, apsidal motion 
is also detectable, with a period of ~60 years. 



of light was observed at Athens Observa tory (see Table 
[2]). Recently. iDuerbeck fc Rucinskil (|2007h discovered the 
visual component to be also a binary. 



TABLE 2 

New minima timings of selected systems based on CCD and 

PHOTOELECTRIC OBSERVATIONS, THE K WEE- VAN WOERDEN 1119561) METHOD 

WAS USED. 



Star HJD-2400000 Error Type Filter Obs. 



1 7770 /— 1 „ , , 

V77o Uas 


54507 


4103 





0005 


Pri 


H 


[l] 


"\ 7779 _ _ 

V77o Uas 


54533 


2864 





0007 


Pri 


H 


[l] 


T 7T/7'0 _ , 

V773 L-as 


54776 


4933 





0003 


Pri 


1 


[4] 


AA Cet 


53687 


4389 





0002 


Pri 


R 


[2] 


Vooy Uas 


54433 


3446 





0004 


bee 


t> VK 


[l] 


V559 L-as 


54505 


2635 





0004 


Pri 


R 


[l] 


Vooy L-as 


54535 


2957 





0007 


Pri 


ri 
K 


[1] 


Vooy Cas 


54738 


4053 





0009 


Sec 


BVRI 


[4] 


Vooy Uas 


54810 


3245 





0025 


Pri 


DVKl 


[4] 


"\ 7 7 no T">„, 

Voyz Per 


54432 


4787 





0003 


Sec 


H 


[l] 


■\77no 

Voyz Per 


54491 


5237 





0003 


Pri 


u 
K 


[1] 


~\ 7 7 no T") 

Vo92 .Per 


54517 


2911 





0003 


Pri 


R 


[1] 


Voyz Per 


54523 


3741 





0005 


bee 


K 


[l] 


\ 7 7 no T">„, 

V592 Per 


54774 


5904 





0003 


Sec 


R 


[4] 


Voyz Per 


54798 


5679 





0003 


Pri 


K 


[4] 


■\ 7 7 no to 

V592 Per 


54826 


4795 





0005 


Pri 


R 


[4] 


V1U31 On 


54831 


3964 





0003 


Sec 


R 


[4] 


VlUol Uri 


54860 


3377 





0004 


Pri 




[4] 


\\ T r"~> 7 TV If 

Vooo Mon 


54539 


2564 





0014 


Pri 


B V 


[2] 


Vooo Mon 


54857 


4412 





0019 


Pri 


u 
K 


[4] 


AO UJVla 


54620 


4612 





0003 


Pri 


R 


[3] 


DI Lyn 


54585 


3703 





0015 


Sec 


R 


[1] 


DI Lyn 


54591 


2478 





0020 


Pri 


R, 


[l] 


DI Lyn 


54912 


4254 





0017 


Pri 


VRI 


[4] 


DI Lyn 


54933 


4489 





0025 


Sec 


BVR 


[1] 


TX Leo 


54595 


4140 





0021 


Pri 


R 


[4] 


TO "NT TTTV/T^. 

JJ1N UMa 


52381 


7956 





0003 


bee 


B V 


[5] 


DJN UMa 


54508 


4873 





0012 


Sec 


R 


[l] 


TMYT TTTV/Tr. 

JJ1N U Ma 


54521 


4630 





0009 


Pri 


u 
K 


[1] 


DIN U Ma 


54834 


6816 





0012 


Pri 


R 


[1] 


HT Vir 


54539 


4315 





0003 


Pri 


VR 


[2] 


HT Vir 


54539 


6368 





0005 


Sec 


VR 


[2] 


ET Boo 


54524 


4746 





0002 


Pri 


VRI 


[3] 


i Boo 


54499 


4495 





0003 


Pri 


R 


[1] 


i Boo 


54499 


5855 





0001 


Sec 


R 


[l] 


i Boo 


54499 


7179 





0001 


Pri 


R 


[l] 


V1U55 bco 


53090 


1272 





0025 


Pri 


V 


[6] 


wince 

VlUoo bco 


53090 


3076 





0031 


Sec 


V 


[6] 


V819 Her 


54564 


3794 





0040 


Pri 


R 


[1] 


i roi n TJ 

Voiy Her 


54585 


5559 





0020 


bee 




[l] 


i mi n TT 

Voiy Her 


54594 


4766 





0010 


Sec 


R, 


[4] 


uom TT 

Voiy Her 


54623 


4631 





0010 


Sec 


BVR 


[1] 


1 foi n TT 

Voiy Her 


54642 


4133 





0030 


Pri 


BVR 


[4] 


1 foi n TT 

Voiy Her 


54738 


2917 





0021 


Pri 


R 


[l] 


Video Opn 


54534 


6075 





0030 


Sec 


R 


[2] 


■\7OO0O f~\ 1- 

Vidos Upn 


54583 


5470 





0003 


Sec 


R 


[4] 


Vioos Upn 


54593 


5738 





0002 


Pri 


R 


[4] 


Vzooo Upn 


54614 


4372 





0006 


Pri 


R 


[4] 


Vzooo LJpn 


son 
04DZU 




u 


UUUO 


oCC 


rv 


[■TJ 


V2388 Oph 


54675 


4117 





0004 


Pri 


R 


[1] 


V2388 Oph 


54718 


3351 





0004 


Sec 


R 


[1] 


V772 Her 


54540 


5504 





0021 


Pri 


K 


[i] 


V772 Her 


54584 


5230 





0008 


Pri 


K 


[i] 


V772 Her 


54628 


5031 





0009 


Pri 


R 


[1] 


V772 Her 


54713 


8093 





0010 


Pri 


R 


[1] 


V2083 Cyg 


54583 


5507 





0003 


Pri 


R 


[1] 


V2083 Cyg 


54598 


4903 





0007 


Pri 


BVR 


[1] 


V2083 Cyg 


54683 


4603 





0008 


Sec 


BVR 


[1] 


V2083 Cyg 


54684 


3951 





0006 


Pri 


BVR 


[1] 


V2083 Cyg 


54698 


4014 





0005 


Sec 


BVR 


[1] 


V2083 Cyg 


54712 


4065 





0005 


Pri 


BVR 


[1] 


QS Aql 


54309 


4160 





0030 


Pri 


R 


[1] 


QS Aql 


54383 


5446 





0005 


Sec 


R 


[1] 


QS Aql 


54696 


4583 





0020 


Pri 


R 


[4] 


QS Aql 


54726 


6177 





0005 


Pri 


R 


[1] 


QS Aql 


54726 


6177 





0006 


Pri 


R 


[1] 


V505 Sgr 


52837 


4766 





0030 


Pri 


BVRI 


[2] 


V505 Sgr 


52843 


3892 





0029 


Pri 


VRI 


[2] 



2.5. BB Scl 

BB Scl (HD 9770, HIP 7372, GJ 60) is an eclipsing binary 
and also the B component of a visual triple; we therefore 
deal with a quadruple system. Orbits of both the visual 
pairs have been derived. Th e wider AB-C p air (1.42") 
revolves on its 112 yr orbit (|Newburglll969f h while the 
clo ser A-B pair (0.17") with p eriod of 4.6 yr was derived 
bv lMason & Hartkopl (119991) . The most detailed anal- 
vsis is that by IWatson et all (|2001h . who analyzed this 
chromospherically active eclipsing binary using spectro- 
scopic and photometric techniques. 

2.6. V773 Cas 

V773 Cas (HD 10543, HR 499, HIP 8115, BU 870AB) is 
an Algol- type EB. One time of minimum light was de- 
rived from the Hipparcos observations, and three new 
minima were observed by the authors (see Table [2]). 
The astrometry covers about 80° in position angle, 
from observations obtained during the last 120 years. 
The most recent pre l imina ry visual orbit calculation by 
iPopovic fc Pavlovicl (|1995h derives a period of about 
304 yr and a semimajor axis about 1". 

2.7. AA Cet 

AA Cet (HD 12180, HIP 9258, ADS 1581 A) is a W UMa- 
type EB. There have been more than 200 times of min- 
ima obtained during the last 40 years, but no significant 
LITE variation has been detected. Astrometric observa- 
tions of the visual pair have shown no significant change 
since its discovery by William Herschel in 1782; hence no 
orbital solution has been attempted. One new minimum 

4 http://www.student.oulu.fi/-ktikkane/AST/V355AND.html 
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TABLE 2 — Continued 0.2, , , , 



Star 


HJD-2400000 


Error 


Type 


Filter 


Obs. 


V505 Sgr 


53263.3029 


0.0002 


Pri 


R 


[2] 


V505 Sgr 


54267.5470 


0.0002 


Pri 


VI 


[2] 


V505 Sgr 


54270.5016 


0.0040 


Sec 


1 


[2] 


V505 Sgr 


54648.4260 


0.0005 


Pri 


P, 


[-1] 


V505 Sgr 


54655.5233 


0.0003 


Pri 


R 


['1] 


V505 Sgr 


54658.4817 


0.0005 


Sec 


R 


['1] 


V505 Sgr 


54706.3869 


0.0002 


Pri 


R 


[4] 


MR Del 


54278.4913 


0.0005 


Sec 


P, 


[3] 


MR Del 


54676.5415 


0.0010 


Sec 


R 


[•'!] 


MR Del 


54682.5395 


0.0010 


Pri 


BVR 


['1] 


MR Del 


54706.5374 


0.0003 


Pri 


R 


['1] 


VW Cep 


54521.2597 


0.0002 


Sec 


Pi 


[1] 


VW Cep 


54522.3723 


0.0003 


Sec 


Pi 


[1] 


VW Cep 


54522.5128 


0.0003 


Pri 


Pi 


[1] 


VW Cep 


54536.2892 


0.0003 


Sec 


Pi 


[1] 


VW Cep 


54536.4282 


0.0002 


Pri 


Pi 


[1] 


VW Cep 


54536.5670 


0.0002 


Sec 


R 


[1] 



NOTE. [Obs.:] [l] - P. Svoboda, Brno; [2] - Athens Observa- 

tory; [3] - Ondfejov Observatory; [4] - R.Uhlaf, Jilove u Prahy; [5] - 
San Pedro Martir Observatory; [6] - OMC INTEGRAL satellite 

2.8. V559 Cas 

V559 Cas (HD 14817, HIP 11318, STF 257AB) is an 
Algol-type eclipsing and spectroscopic binary. There 
have been only 14 observed times of minima since 1971, 
including our latest ones (see Tabled]). Due to it s very 
long orbital period (about 836 yr, according to IZaeral 
1985), only about 100° of the orbit has been observed 
since 1830. Periastron passage occurred in 1932 and was 
well-covered; regrettably, no minima times were deter- 
mined during that era. 

2.9. (3 Per 

Algol [fl Per, HD 19356, HR 936, HIP 14576, 
LAB 2Aa,Ab) is the well-known prototype of this class of 
binaries. With its 2.12 mag in V it is the second bright- 
est system in the catalog. The time of minimum bright- 
ness was first measured by Montanari on 8 November 
1670 (although the variability of the "Demon Star" had 
been known from much earlier times). The current set 
of times of minima is very large, with about 1400 obser- 
vations covering the past three centuries, and photoelec- 
tric m easurements dating as far back as 1910 (jStebbinsl 
1910). In spite of this, a detailed description of period 
variations in the O — C diagram is still missing. The 
system is rather complicated, but the distant component 
(orbital period ~1.8 yr) originally discovered on the basis 
of radial velocity varia tions, was first resolve d by speckle 
interferometry in 1973 lLabevrie et all (|1974h . The orbit 
of this component is now well established (a = 94.6 mas 
and e = 0.23, according to lPan et al.lll993f ). Several dis- 
tant companions are listed in the WDS, but these are 
probably optical. 

2.10. AG Per 

AG Per (HD 25833, HIP 19201, STT 71 AB) is an Algol- 
type EB. Over 100 times of minima, obtained from the 
1920's up to the present, have been collected from the 
published literature. AG Per is one of the most typi- 
cal apsidal-motion s ystems, and has b een analyzed sev- 
eral times (see e.g. IWolf et all |2006| ) . Data are suffi- 
cient for combining the apsidal motion and LITE into 
one joint solution (similar to the £ Phe case). Precise 



V592 Per 



RA[arcsec] 

Fig. 1. — Relative orbit of V592 Per on the plane of the sky. 
Individual measurements are plotted as dots, and straight "O-C" 
lines connect the these observations to their predicted positions on 
the fitted orbit. The cross indicates the position of the eclipsing 
binary on the sky, the dotted line represents the line of apsides and 
the dashed line the line of nodes. 

light curves have also be en measured and analyzed (see 
IWoodward fc Koch|[l987f ). On the other hand, although 
astrometric observations have been obtained 39 times 
since 1846, the change in position angle has been too 
small to permit an orbital solution. 

2.11. V592 Per 

V592 Per (HD 29911, HIP 22050, COU 1524) is a (3- 
Lyrae EB system. There have been 25 times of minima 
published to date, six of them observed for this paper 
(see Tabled]). Astrometric data cover only about 20°, 
with 19 data points obtained over 28 years. A prelimi- 
nary or bit has been c omputed (using standard methods, 
see e.g. lBattenlll973f l. yielding a period of about 115 yr 
and a semimajor axis of about 220 mas. The derived 
elements are given in Table |3] and plotted in Fig. [U to- 
gether with all observations used in the solution. Due to 
the fact the orbit is only a preliminary one, the resulting 
derived mass of the system is unreliable. In this case the 
mass derived from the visual orbit (about 6 Mq) is con- 
siderably higher than would be expected according to the 
estimated spectral types. New observations are needed. 

2.12. r) Ori 

rj Ori (HD 35411, HR 1788, HIP 25281, MCA 18Aa,Ab 
+ DA 5AB) is a quadruple system with three resolv- 
able components. The primary is an eclipsing and also a 
double- lined spectroscopic triple (periods 8 d and 9.2 yr). 
One of the components also has a pulsation period of 
~8 hours. There has been only one published time of 
minimum, derived from the Hipparcos observations. The 
or bit of the inter f erome tric pair (MCA 18Aa,Ab) derived 
by iBalega et al.l (|1999f ) finds an orbital period of about 
9.44 yr, in reasonable agreement with the spectroscopic 
period. 

2.13. S Ori A 

S Ori A (HD 36486, HR 1852, HIP 25930, HEI 42Aa,Ab) 
is a massive eclipsing binary with an orbital period 5.7 
day. Only 9 times of minima were found in the litera- 
ture, and these minima do not show any significant LITE 
variation (more probably apsidal motion). On the other 
hand, there is a fair amount of motion on the plane of 
the sky seen in the 38 measurements obtained since the 
visual pair was first observed in 1978. The preliminary 
orbit listed in Tableland shown in Fig. [5] predicts a pe- 
riod of about 705 yr and a semimajor axis of 1". From the 
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TABLE 3 

Orbital elements for the newly derived solutions and the total masses of the systems according to these orbital 

solutions. 



WDS designation 


Variable 


Period 


Epoch of 


Semimajor 


Inclination 


Longitude 


Eccentricity 


Longitude 


Total 




star 




periastron 


axis 




of periastron 




of node 


mass 


q5(2000) 


designation 


P3 [y r ] 


T [yr] 


«["] 


a[deg] 


to [deg] 


e 


f2[deg] 


[ M s ] 


C\ A A AC i onro 

U4445+o9oo 


V592 Fer 


115.3 


1903.9 


0.223 


79.1 


98.5 


0.498 


210.0 


6.21 






± / .1 


±6.4 


±0.030 


±8.4 


±9.7 


±0.006 


±9.0 


±4.08 


UoozU-UUlo 


o (Jri A 


704.8 


1972.8 


0.970 


96.9 


95.2 


0.914 


325.3 


40.7 






±127.7 


±145.2 


±0.331 


±13.8 


±9.6 


±0.165 


±17.3 


±32.2 


Uo4/4-lUo2 


V 1031 Uri 


92.66 


1942.6 


0.176 


76.3 


0.3 


0.001 


111.9 


5.11 






±6.61 


±7.8 


±0.007 


±8.2 


±28.5 


±0.001 


±9.4 


±1.13 


085584-6458 


AC UMa 


1199.2 


1349.0 


30.15 


106.5 


102.7 


0.790 


62.9 


5-10 6 






±341.8 


±280.5 


±0.52 


±7.8 


±8.9 


±0.047 


±6.8 


±410 6 


11383-6322 


V871 Cen 


1715.8 


909.2 


1.316 


81.9 


73.8 


0.730 


234.8 


3390 






±285.4 


±230.1 


±0.445 


±13.0 


±14.8 


±0.106 


±8.8 


±2860 


17539-3445 


V906 Sco 


34.71 


1974.1 


0.172 


80.5 


183.0 


0.001 


103.0 


125.2 






±1.13 


±1.2 


±0.015 


±6.8 


±9.7 


±0.002 


±9.7 


±46.7 


17592-3656 


V1647 Sgr 


1219.7 


1778.4 


14.36 


94.7 


269.4 


0.841 


113.8 


3021 






±83.4 


±76.2 


±6.08 


±8.5 


±21.2 


±0.027 


±12.7 


±468 


20312+0513 


MR Del 


1996.6 


1945.9 


3.763 


74.2 


0.0 


0.493 


61.2 


1.17 






±170.5 


±130.3 


±0.156 


±8.4 


±7.4 


±0.051 


±8.0 


±0.40 




-0.3 -0.25 -0.2 -0.15 -0.1 -0.05 

RA[arcsec] 



0.05 0.1 0.15 0.2 



Fig. 2. — Relative orbit of 5 Ori A on the plane of the sky. 

orbital parameters, the total mass of the system is about 
40 M©. For a detailed dis cussion about the m asses of 
the binary components, see lHarvin et alj (|2002f h There 
appears to be a problem with the derived masses of pri- 
mary and secondary, which are substantially below the 
expected masses for stars of their luminosity. On the 
other hand, the evolutionary tracks of stars with the 
measured values of [log T e f / , log L] predict much higher 
masses for both compon ents. If we accept the masses 
derived by lHarvin et all the mass of the third compo- 
nent should be about 20 M Q . Single stars of such a mass 
should be observable via a UV flux contribution, which 
has not happened. A plausible conclusion is that the 
distant component is probably also a binary. 




-0.05 0.05 

RA[arcsec] 



Fig. 3. — Relative orbit of V1031 Ori on the plane of the sky. 



servations. I Andersen et all (|1990D concluded that the or- 
bit should be much larger, with a period about 3700 yr. 
Third-component lines were observed in the spectra of 
V1031 Ori and radial velocities f or the 93 yr orbit would 
be much larger than measured. lAndersen et all (|1990f ) 
also derived the physical parameters of both eclipsing 
components, resulting in Myx = (4.76 ±0.04) M . How- 
ever, they assumed that the wide orbit is coplanar with 
the eclipsing binary orbit, which is not necessary true 
in multiple systems. Because the orbital coverage is so 
poor, only further interferometric observations, as well as 
precise radial velocity investigation will reveal the true 
nature of the system. New times of minima are also 
needed. 



2.14. V1031 Ori 

V1031 Ori (HD 38735, HR 2001, HIP 27341, MCA 22) 
is an Algol-type detached system. Twelve times of min- 
ima have been found in the literature. A new circular 
orbit of the interferometric binary is shown in Fig. [3j 
Based on only 20 observations obtained from 1980 to 
1997, the solution is obviously very preliminary. The 
derived orbital period is about 93 yr and the semima- 
jor axis about 0.18"(see Table [3] for the parameters). 
From our new orbital solution, we derive a mass of 
-M123 = (5.1 ± 1.1) M© for all three components. 
Based on the RV measurements and a few speckle ob- 



2.15. t CMa 

t CMa (HD 57061, HR 2782, HIP 35415, FIN 313Aa,Ab) 
is the brightest star in the open cluster NGC 2362. 
It is a j3 Lyrae-type EB, with a period about 1.28 d. 
t CMa is also a spectroscopic binary with an orbital pe- 
riod of abo ut 154.9 days; the EB is probably the visual 
secondary (|Stickland et al.1 fl998f ). This interesting sys- 
tem therefore contains both the longest period spectro- 
scopic binary and the shortest period eclipsing binary 
known among th e O-type stars. The system was pre - 
cisely analyzed by Ivan Leeuwen fc van Gendered (|1997|) . 
This triple system is one member of the visual binary 
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FIN 313Aa,Ab, which has been measured astrometrically 
32 times since 1951. The change in position angle is still 
quite small, however, so no orbital solution has yet been 
attempted. 

2.16. YY Gem 

YY Gem (Castor C, a Gem C, HD 60178J, HIP 36850, 
STF 1110AB) is an eclipsing binary and also the C com- 
ponent of the Castor multiple system. The three visual 
components are all doubles: A and B are spectroscopic 
binaries, while C is the eclipsing binary YY Gem; we 
therefore are dealing with a sextuple system. (A fourth 
visual companion is also listed in the WDS; however, the 
D component shows a very different proper motion and is 
likely an optical rather than physical companion.) About 
180 times of minima have been published for YY Gem. 
With 1,341 observations covering nearly two centuries, 
the orbit of the AB pair (p^ = 467 yr, a — 6.8") is well 
defined now. However, no significant change in position 
angle has been seen in the orbit of component C around 
the AB pair, despite data spanning 180 years. 

2.17. V635 Mon 

V635 Mon (HD 66094, HIP 39264, A 1580AB) is an 
Algol- type EB. It is well-observed, with over 100 times 
of minima published to date; however these data points 
follow the linear ephemeris without any indication of a 
LITE. A total of 24 astrometric measurements have been 
made over the past century, spanning about 150° (al- 
though phase coverage was very sparse through most of 
that t ime). The most recent analysis bv lDocobo fc Lirigl 
( 2008) gives a period of 257 yrs, with a semimajor axis 
of about 313 mas. 

2.18. NO Pup 

NO Pup (HD 71487, HR 3327, HIP 41361, B 1605Ba,Bb) 
is an eccentric eclipsing binary of Algol type. There have 
been 15 times of minima observed and the apsidal motion 
of the system has been studied a few times, resulting i n 
an apsidal period of about 37 yr (jGimenez et al] fl986). 
Altogether there are 4 visible components in this multiple 
system, with the eclipsing syst em probably comprising 
the primary. IChamblissl (|1992h has estimated that the 
close Ba,Bb pair orbit with a period of about 32 yr, but 
no orbital analysis has yet been published. The relative 
separation and angle between A and the pair comprising 
B has remained essentially unchanged over the past 160 
years. A fourth co mponent was discovered in 1997, using 
adaptive optics, by iTokovinin et ail (|1999[ ), but has not 
yet been confirmed. 

2.19. VV Pyx 

VV Pyx (V596 Pup, HD 71581, HR 3335, HIP 41475, 
B 2179AB) is an Algol -type EB and al s o a do uble-lined 
spectroscopic binary. lAndersen et alj Jl984) analyzed 
the light curve and also the RV curves of the system, de- 
riving a precise set of physical parameters. There were 11 
times of minima found in the literature (1976 - 2005), but 
these data show very slow apsidal motion (on the order 
of centuries). The visual orbit is also covered only very 
poorly, with 11 observations obtained over the course of 
38 years showing a change in posi tion angle of about 13° ; 
no orbital anaylsis is yet possible. lAndersen et al.l (|1984f ) 
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Fig. 4. — Relative orbit of AC UMa on the plane of the sky. 

speculate that the visual companion could also be a bi- 
nary; speckle intcrferometric observations have ruled out 
any companions with separations greater than ^30 mas 
and magnitude difference less than about 3 mag, but only 
further precise observations could prove or disprove the 
existence of closer and/or fainter companions. 

2.20. LO Hya 

LO Hya (HD 71663, HR 3337, HIP 41564, A 551AB) is 
another Algol-type eclipsing bin ary. A detail ed analysis 
of this system was performed by Bakos (1985). Both the 
A and B components are spectroscopic binaries, while the 
distant C component also appears to be a physical com- 
panion. We therefore deal with at least a quintuple sys- 
tem. One spectroscopic component is also the eclipsing 
binary LO Hya, with an orbital period of about 2.5 day. 
Six times of minima have been found in the literature. 
Some 69 astrometric measurements obtained during the 
last century reveal a visu al orbit with a 55-year period 
sec iDocobo fc Li^l200l . 

2.21. 5 Vel 

S Vel (HD 74956, HR 3485, HIP 42913, I 10AB) is an 
Algol-type eclipsing binary classified as AlV spectral 
type; at V = 1.95 mag it is the brightest system in the 
catalog. The star wa s discovered to be photometrically 
variable in 1997 (see lOtero et al.l 120001 for details); the 
period of such variation is about 45 days. Altogether 10 
times of minima were obtained, but these observations 
indicate very slow apsidal motion (on the timescale of 
centuries). The visual A and B components orbit with a 
period of about 142 years and a semi-ma jor axis of about 
2" (according to lAlzner & Argvldl20M) . The whole sys- 
tem is, however, more complicated, consisting of two 
proper motion pairs (with separations of 2"and 6", re- 
spectively), separated in the sky by 72". The primary 
component was additionally resolved into a 15 mas pair 
by long-baseline interferometry. We therefore appear to 
be dealing with a system of at least 6 components. How- 
ever, thanks to th e interferometr ic obse rvations and de- 
tailed analysis bv iKellerer et al.l (|2007h . the picture of 
the system has been simplified somewhat. According to 
these authors, the two distant components C and D do 
not belong to the system. Furthermore, the 45-day pe- 
riod interferometric orbit appears to correspond to that 
of the eclipsing pair. 

2.22. AC UMa 

AC UMa (ARG 21AB) is an Algol-type EB, and at 
V = 10.3 mag is one of the faintest systems studied 
here. The orbital period is about 6.85 days. The 80 
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Fig. 5. — Relative orbit of V871 Cen on the plane of the sky. 

times of minima found in the literature suggest a possible 
variation in orbital period on the timescale of decades, 
but this finding is inconclusive and a larger data set is 
needed. The visual orbit shown in Fig. |4] is based on 
only 10 observations obtained during the past 106 years. 
As one can see, only a short arc of the orbit is covered 
by data, so one cannot derive the parameters of the or- 
bit precisely. This solution gives an extremely long pe- 
riod of about 1200 yr, although this value could be even 
longer (see Table [3]). Another possible explanation is 
that the distant component is only an optical compan- 
ion and not physically associated with the EB system. 
The different proper motions of the two visual compo- 
nents suggest this latter interpretation to be the more 
probable one (see the Catalog of Rectilinear Elements 5 
for details). Another argument that the component is 
probably not gravitationally bound with the EB is the 
fact that the total mass computed from the visual orbit 
is unacceptably high, see Table [3] 

2.23. DI Lyn 

DI Lyn (A Hya, HD 82780, HR 3811, HIP 47053, 
COU 2084Aa,Ab) is an Algol-type EB. There is only 
one time of minimu m available in the literature, see 
IWolf fe Caffevl (|1998h : however, four additional minima 
were measured for this paper (see Table [2]). This hierar- 
chical system is rather complica ted, and contains at leas t 
five physical components, see iTokovinin et al.1 (2006), 
component C seems to be only an optical one. Two 
components are spectroscopic binaries (periods 28 d and 
1.7 d), one of th em is also the eclipsing binary DI Lyn. 
iTokovininl (|1997l ) estimated the period of the close visual 
Aa,Ab pair at ~64 yr. However, any orbital solution has 
been published, and this estimation of period was based 
only on the relative motion of these stars - only about 
28° in 22 years - and the Kepler's third law, so this may 
be an underestimate. 

2.24. TX Leo 

TX Leo (HD 91636, HR 4148, HIP 51802, STF 1450AB) 
is an Algol-type EB and its apparent brightness is about 
V = 5.67 mag. There have been 8 times of minima 
observed since 1930. The astrometric data set is much 
larger, about 140 measurements secured over the last 180 
years, but the relative motion has been minimal. 

2.25. V871 Cen 

V871 Cen (HD 101205, HIP 56769, I 422AB) is a 
(3 Lyrae-type EB. There is a brief paper on the photo- 

5 http:/ /ad. usno.navy.mil/wds/linl. html 



metric observations of V871 Cen, together with one mini- 
mum time derived (see lMayer et al.lfl9 92). Confirmation 
of the period of its photometric variabili ty is based o n 
analysis of Hipparcos and AS AS data, see lOterol (|2007l) . 
The system includes 4 visual components; astrometric 
measurements of the closest pair secured during the last 
104 years reveal a change in position angle of only about 
20°, so our 1700-year period orbital solution is not very 
convincing (see Tableland Fig. [5] for details). Also a 
derived total mass of the system more than 3000 M in- 
dicates an unacceptable solution with the current data. 

2.26. GT Mus 

GT Mus (HD 101379, HR 4492, HIP 56862, B 1705AB) 
is one component of a quadruple system, as each mem- 
ber of this close visu al pair is itself a close binary (see 
iMurdoch et~aU 1 19941 ). One of them is a spectroscopic 
binary with period about 61 days, which is also an 
RS CVn-type binary, while the other one is an eclipsing 
binary with orbital period about 2.75 days. No minima 
have been published. Astrometric data obtained during 
76 years and cover about 110° of the orbit. The esti- 
mate d period of the AB pair is about 91 years ([Parsons! 
2004). The visual pair has two faint wide companions; 
the physical/optical nature of these are unknown. 

2.27. DN UMa 

DN UMa (HD 103483, HR 4560, HIP 58112, A 1777AB) 
is another Algol- type EB, which comprises the primary 
component of the visual quadruple system ADS 8347. 
The D component of this system is over 1 arcminute 
in separation from the primary; however, the similar- 
ity in parallax indicates the wide pair is probably phys- 
ical. A detailed light-cu rve analysis was published by 
Garcia fc Gimenea (|1986l ) and an RV curve analysis by 
Popperl (|1986[ ). There have been 16 observed times of 
minima from 1979 until our recent measurements (see Ta- 
ble [2]). The visual orbit is defined reasonably well, with a 
century's worth of data coveri ng nearly a ful l revol ution. 
The most recent orbit was bv lAristidi et al.l (1999), who 
derived — 136.5 yr and a = 230 mas. 

2.28. VV Crv 

VV Crv (HD 110317, HIP 61910, STF 1669AB) is a 
system consisting of two spectroscopic binaries ( periods 
44.51 d and 1.46 d; see iMassarotti et all 12008) . The 
eclipsing nature of on e of its components was discovered 
from Hipparcos data (|Perrvman fc ES A 1997); this gave 
an orbital period of about 3.14 days, suggesting that the 
system might be quintuple. Hipparcos data have also 
provided the only time of minimum found thus far in 
the literature. Astrometric data have been obtained over 
the past 180 years, but have described a change in po- 
sition angle of about only 14°. Due t o this short arc, 
no orb it has been calculated; however, ITokovinin et al.l 
( 2006) have estimated the period of AB pair to be about 
4500 years. 

2.29. V831 Cen 

V831 Cen (HD 114529, HR 4975, HIP 64425, 
SEE 170AB) is a (3 Lyrae system and also a spectroscopic 
binary, with an orbital period of about 0.64 d. The only 
published minimum is that measured by the Hipparcos 
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satellite. The close AB pair of this visual quadruple sys- 
tem has been observed for over 1 00 year s , with a single 
attempt at an orbital solution bv lFinsenl (|1964f ) yielding 
P3 = 27 yr and a — 185 mas. O — C errors are quite 
large, however; this is due primarily to the small sepa- 
ration of the AB pair, but perhaps also in part to the 
presence of the nearby C component (separation <2") 
further complicating the early measurements. 

2.30. HT Vir 

HT Vir (HD 119931, HIP 67186, STF 1781) is a con- 
tact W UMa system. Although only a visual binary, 
the system is in fact quadruple, with three components 
visible in the spectra. The spectroscopic single-lined bi- 
nary (period 32.5 d) constitutes component A, while the 
eclipsing binary (period 0.41 d) is the B component. As- 
trometric measurements have been made regularly since 
Struve's discovery of the visual pair in 1830, defining the 
orbit quite precisely. On the other hand, times of min- 
ima have been measured only a few times since discovery 
of the eclipsing variable. A detailed analysis of this sys- 
tem, combining the angular position measurements and 
period variation, was presented in ZW. 

2.31. ET Boo 

ET Boo (HIP 73346, COU 1760) is a 9 th magnitude 
P Lyrae eclipsing binary. The system has been fo und to 
be quadruple, according to lPribulla et al.1 (|2006l ). There 
have been 31 times of minima published to date, includ- 
ing one new value published here (see Table [21) ■ It is als o 
a close visual binary, discovered in 1978 (|Couteaulll981f ). 
Astrometric measurements obtained between 1978 and 
1999 have shown a change in position angle of about 
40°; unfortunately it has not been observed in nearly 
a decade . A very preliminary orbit was derived by 
LSevmouri (|200lh . giving a period of about 113 yr and 
an angular semimajor axis of 261 mas. Variation of the 
orbital period is hardly detectable with available data; 
therefore, new observations of minima and also astrom- 
etry are needed. 

2.32. i Boo 

i Boo (HD 133640, HR 5618, HIP 73695, STF 1909 AB) is 
a well-known EB of the W UMa type and, at a distance 
about 13 pc, also the nearest system in the catalogue. 
Many times of minima have been observed over the last 
90 years, including three new values listed in Table El but 
a satisfactory explanation of the period changes is still 
lacking. It is an X-ray binary and has also been found 
to exhibit flares. There is quite a large set of astrometric 
measurements of the visual binary, dating back to its dis- 
covery by William Herschel in 1781, and most phases of 
the orbit are quite well defined. The most recent orbital 
analysis fin ds a period of abo ut 206 yr and a semimajor 
axis of 3.8" (lSoderhielmlH999l ). 

2.33. V1055 Sco 

V1055 Sco (HD 148121, HIP 80603, B 872AB) is a 
P Lyrae EB. There have been only seven times of minima 
published in the literature, two of them derived from pho- 
tometric data obtained by the Optical Monitoring Cam- 
era (OMC) onboard the INTEGRAL satellite (see Table 
[2]). Astrometric measurements obtained during the last 
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Fig. 6. — Relative orbit of V906 Sco on the plane of the sky. 

70 years cover only about 15° in position angle, making 
it much too premature to attempt a solution to the visual 
orbit. 

2.34. V819 Her 

V819 Her (HD 157482, HR 6469, HIP 84949, MCA 47) 
is an Algol- type EB, orbiting about a common center 
of mass with a third component in a 5.5-yr period or- 
bit. Eccentricity is about 0.67, and LITE is evident. 
The wid er pair was discovered by speckle interferometry 
in 1980 (jMcAlister et al.lll983l ) and has been extensively 
observed by this technique and also more recently with 
the P alomar Testbed Interferometer (iMutersp au gh et al.l 
2008). In this system LITE was analyzed together 
with the interferometry and radial velocity data (see 
IMuterspaugh et al.ll2006h . 

2.35. V906 Sco 

V906 Sco (HD 162724, HR 6662, HIP 87616, B 1871AB) 
is a detached triple-lined eclipsing binary. A detailed 
photometric and spectroscopic an alysis of this system 
was made by lAlencar et al.l (|1997f ). who also included a 
discussion about possible apsidal motion. A new visual 
orbit has been derived (see Fig. [6] and Table [3|) ; in this 
solution only the more precise interferometric measure- 
ments from the astrometric data set were used, due to 
the much larger scatter in the earlier micrometry data. 
The last astrometric observations of any type were ob- 
tained more than 15 years ago, so new measurements are 
needed to improve upon this solution. Also a total mass 
about 100 M indicates this orbit to be a preliminary 
one. 

2.36. V2388 Oph 

V2388 Oph (HD 163151, HR 6676, HIP 87655, FIN 381) 
is a contact eclipsing binary of W UMa type. A de- 
tailed analy s is of ubvy light curves was performed by 
lYakut et alj (|2004h and a RV analysis bv lRucinski et al.1 
( 20021 ). A preliminary solutio n for the visual orbit was 
made by lHartkopf et all (|1996f ) . finding a period of about 
9 yr. Unfortunately there have been only a few observa- 
tions published of times of minima; due to the poor sam- 
pling afforded by these data, no variation in the O — C 
diagram for minima times is evident. 

2.37. VI 647 Sgr 

V1647 Sgr (HD 163708, HIP 88069, HJ 5000) is an Algol- 
type EB. A few dozen times of minima are available; 
these data indicate a slow apsid al motion with a period 
about 530 yr, (see IWolfl |200(I . lAndersen fc Gimenezl 
(1985) published the most detailed study of the whole 
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Fig. 7. — Relative orbit of V1647 Sgr on the plane of the sky. 

system to date, including into their analysis also the vi- 
sual component. Astrometric measurements of the visual 
pair obtained over the past 170 years cover only about 
14 degrees in position angle, as shown in Fig. [71 A pre- 
liminary orbit was computed for the first time, but the 
results are not very convincing due to the limited phase 
coverage. The period derived here is about 1200 yr (see 
Table [3] for the orbital parameters); the total mass which 
results in more than 3000 M Q , which makes this solution 
unrealistic. 

2.38. V772 Her 

V772 Her (HD 165590, HIP 88637, STT 341AB) is an 
eclipsing binary as well as an RS CVn variable star. This 
is the A component of a close visual t riple and spec tro- 
scopic binary of very high eccentricity; iHeint d (|1982f ) de- 
rived values o f ps = 20 years and e = 0.956. See also 
iBatten et al.l |l979) for details on the spectroscopic or- 
bit. The C component is physically connected to the 
system and was also found to be a spe ctroscopic variabl e 
(period is about 25 days, according to lFekel et al.Hl994h . 
We therefore deal with at least a quintuple system (the 
WDS lists four additional wide companions, but these 
are probably op tical due to their fast relative motion, see 
iTokovininl I1997T ) . There have been more than 20 times 
of minima published to date. iBruton et al.l (|1989f ) pub- 
lished an O — C diagram with 16 minima times, fitted 
with a LITE curve based on parameters derived from the 
visual orbit. 

2.39. V2083 Cyg 

V2083 Cyg (HD 184242, HIP 96011, A 713) is an Algol- 
type EB. There has been only one time of minimum 
(based on Hipparcos data) published, our 6 new observa- 
tions are in Table [2j Astrometry of the close visual pair 
during the last century covers a bout 70° of the orbit . 
A preliminary orbital solution by ISevmour et al.l (|2002l ) 
gives a period of about 372 yr and an angular semimajor 
axis about 498 mas. 

2.40. QS Aql 

QS Aql (HD 185936, HR 7486, HIP 96840, KUI 93) is an 
Algol-type eclipsing, and also spectroscopic, binary. The 
24 available minima observations (four of which are new; 
see Tabled]), allow the period variation to be clearly vis- 
ible. The close visual binar y has been observed fo r over 
70 years; the recent orbit bv lDocobo fc Liiiel (|2007) finds 
an extremely large eccentricity (e=0.966), but many of 
the observations show large residuals to this 62-yr pe- 
riod solution. Combined analysis is still problematic (see 
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Fig. 8. — Relative orbit of MR Del on the plane of the sky. 

lMaverll200l due to poor coverage of the system by both 
methods. 

2.41. V 505 Sgr 

V505 Sgr (HD 187949, HR 7571, HIP 97849, CHR 90) is 
an Algol-type eclipsing (and also spectroscopic) binary. 
Since its discovery as a variable, several light-curve mea- 
surements and analyses have been attempted, the latest 
by Ibanogl u et al.l (|2000D . A d etailed spectral analysis of 
the system was published bv iTomkinl (fl992L who also 
noted discovery of a third component in the spectrum of 
the system, as well as a slow change in the radial veloc- 
ity of this component. Sol ution of the visual orbit is still 
uncertain: Tomkin (1 1992t) estimated a period of about 
100 yr, while iMaverl (|1997f ) derived an orbit with a pe- 
riod o f about 38 yr; the recent orbit by ICvetkovic et al.1 
(2008) found a period of 60 yr. The problems of the vi- 
sual o rbit and the LITE solution were discussed in lZaschel 
( 2008) . The set of times of minima is quite large (more 
than 300 observations) , but a detai led explanation of th e 
period changes is still lacking (see lChochol et aLi r2006). 
Nine new minima observations were obtained, see Table 

m 

2.42. MR Del 

MR Del (HD 195434, HIP 101236, AG 257AB) is an 
Algol-type EB; at V — 11.01 it is the faintest object in 
the catalog. There have only been a few times of minima 
observed during the last 15 years; four additional new 
measurements are given in Table [2j Although the visual 
pair has been observed for a century, the position angle 
has changed by only about 15°. Such a small change sug- 
gests an orbital period of order 2000 yr; our preliminary 
solution is given in Tableland illustrated in Fig. [5] The 
resulting total mass results in about 1.2 M . 

2.43. VW Cep 

VW Cep (HD 197433, HIP 101750, HEI 7) is a 
W UMa-type system, whose primary and secondary are 
both chromosphericaly active. There have been nu- 
merous light-time effect s tudies made of this system; 
iHerczeg fc Schmidt! ([1960D proposed the presence of a 
third body with an orbital period of 29 years and an 
angular separation between 0.5"and 1.2". In 1974, the 
first successful visual observa t ion o f the third compo- 
nent was obtained bv lHeint3 ([1975). The visual orbit 
is f airly well defined, and th e parameters of this orbit 
(see lDocobo fc Andraddl2005l ) are in agreement with the 
LITE variation in the O — C diagram of minima timings 
(see ZW for details). This system seems to be perhaps 
the most suitable one for simultaneous analysis of both 
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the period variation and the visual orbit; this technique 
could also derive the distance to the system. Six new 
minima observations were obtained for this paper; see 
Table [2] 

2.44. BR Ind 

BR Ind (HD 201427, HIP 104604, HU 1626AB) is an 
Algol- type EB. The position angle of the visual binary 
changed by ~80° between 1914 and 2001; this was suf- 
ficient to defi ne a preliminary orb it of p% — 167 yr and 
a = 894 mas (|Sevmour et al.N2002D . The only published 
time of minimum was derived from Hipparcos data. 

2.45. Other systems 

There are also numerous other cases where the strict 
conditions introduced in the beginning of Section [5] are 
not satisfied. Some of the more interesting systems are 
presented in Table |U Their visual orbits have not yet 
been derived, due to insufficient phase coverage. In most 
of these systems the change of position angle is too slow, 
or there are still only a few measurements available. One 
could expect that during the next decades some of these 
systems will move to that ones in Chapter [5J 

2.46. Special cases 

There are also a number of "special cases" which were 
not included in the catalog due to their more complicated 
or uncertain nature. A few examples are described below: 

• In all systems included in the catalog, the close 
EB comprises one component of a much wider vi- 
sual/interfcrometric pair. However, in a few rare 
cases the components of the eclipsing binary also 
comprise the components of the visual pair. The 
systems (3 Aur, (3 Cap, 7 Per, and V695 Cyg are 
eclipsing pairs which have also been resolved by 
interferometry (another possible example of such 
a system is a Com). The chances of an orbit 
being sufficently edge-on to produce eclipses are 
of course greater for systems with smaller sepa- 
rations; it is therefore expected that the number 
of such "visual-eclipsing" binaries will increase as 
more EBs are observed by long-baseline interfer- 
ometers. However, these systems do not meet the 
criteria for inclusion in this catalog. 

• Another class of objects not included in the cat- 
alog is that of the so-called ellipsoidal variables. 
Systems such as HD 178125 (18 Aql, Y Aql) or 
HD 22124 (IX Per) are also sometimes classified as 
EBs and a few "minima" have been published, as 
well. 

• The system HD 217675 (o And, 1 And) is some- 
times classified as an eclipsing binary . In fact, 
this quadruple syst em (iHill et aLl fl988) is photo- 
metrically variable (|Qlser]ll9 72?). but, according to 
()Pavlovski et al.lll997f ). it is not an eclipsing binary. 

3. DISCUSSIONS AND CONCLUSION 

More than 13000 systems in the WDS had sufficiently 
large astrometric data sets to allow potential analysis and 
were, therefore, checked for the presence of EB compo- 
nents. Many stars which were suspected to be variables 



were found in this large set, but only a very limited num- 
ber of these systems had ever been given detailed spec- 
troscopic or photometric analysis. Systems chosen for 
inclusion in this catalog were selected on the basis of EB 
designations in the Simbad database and notes in the 
WDS 6 . However, in many cases identification of a star as 
an eclipsing variable is a rather difficult task; because of 
this, many such systems are designated in Simbad only as 
"variable stars" . Although the current number of known 
visual doubles containing eclipsing variables as compo- 
nents is still quite limited, this number is expected to 
increase substantially as the true nature of more of these 
"variable stars" is determined through further photomet- 
ric observation. 

A long-term goal is to increase the size of this cata- 
log to the point where reliable statistical analysis of this 
class of systems may be attempted. The subset of visual 
multiple systems including eclipsing binary components 
could be another area of potential interest. If one has in- 
formation about the various orbits in these systems, the 
ratio of periods or the mutual inclinations of the long and 
the short orbits could prove an interesting probe into the 
mechanisms for formation of these objects. Also a fre- 
quency of quadruple or quintuple systems among multi- 
ples could be studied. The main catalog in the present 
paper includes 7 quadruple systems, 8 quintuples and 1 
sextuple. However, there are still many cases, where the 
membership of a star to the system is questionable, so 
this fraction of multiples is expected to increase. 

Regrettably, many of the systems in the catalog lack 
recent observations. Ironically, this is due in part to 
the fact many of these systems are too bright for mod- 
ern photometric equipment! Some of the earliest known 
eclipsing binaries are now neglected, since they can eas- 
ily saturate a CCD detector mounted on even a modest 
telescope. Phase coverage of most visual binary orbits 
is insufficient, due largely to the exceedingly long orbital 
periods of these pairs. Astrometry of closer interferomet- 
ric pairs is also lacking, as shifting priorities of telescope 
allocation committes has made it difficult for observers 
to get time on the large telescopes needed for obtained 
these data. As a result, analysis is complicated, and 
newly derived orbital elements are affected by relatively 
large errors due to small arcs of the orbit covered and/or 
sparse phase coverage. 

In conclusion, although a few of the systems in the cat- 
alog presented here (e.g., V505 Sgr, QS Aql, V2388 Oph) 
are suitable for simultaneous analysis of period varia- 
tion and astrometry, in most cases the time span of ob- 
servations is still too short and more data are needed. 
The highest priority systems for which interferometric 
observations are desired include V1031 Ori, ET Boo, 
and V906 Sco. Systems especially in need of additional 
photometric observations for minima determinations are 
V1031 Ori, LO Hya, V906 Sco, and V2388 Oph. 



Some of this work was based on data from the OMC 
Archive at LAEFF, pre-processed by ISDC. We would 
like to thank Dr.Milos Zejda for kindly sending us the 
data. Dr. Andrei Tokovinin and also an anonymous 
referee are greatly acknowledged for their helpful and 

6 http : //ad. usno.navy.mil/wds/wdsnewnotes_main.txt 
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